We propose a visible light road-to-vehicle communication system at intersection as one of ITS technique. In this system, the communication between vehicle and a LED traffic light is approached using LED traffic light as a transmitter, and on-vehicle high-speed camera as a receiver. The LEDs in the transmitter are emitted in 500Hz and those emitting LEDs are captured by a high-speed camera for making communication. Here, the luminance value of each LED in the transmitter should be found for consecutive frames to achieve effective communication. For this purpose, first the transmitter should be identified, then it should be tracked for consecutive frames while the vehicle is moving, by processing the images from the high-speed camera. In our previous work, the transmitter was identified by getting the subtraction of two consecutive frames. In this paper, we mainly introduce an algorithm to track the identified transmitter in consecutive frames. Experimental results using appropriate images showed the effectiveness of the proposal.
. In this study, we propose road-to-vehicle visible light communication system using on-vehicle high-speed camera as a receiver and LED traffic light as a transmitter. Here, the LEDs in the transmitter emit light in 500Hz and the images, which include those emitting LEDs are captured by a high-speed on-vehicle camera in 1000fps, while the vehicle is moving. These images are processed to gain the luminance value of each LED for conducting communication. For this purpose, first the transmitter should be identified, then it should be tracked for each consecutive frame, and the luminance value of each LED in the transmitter should be captured to achieve effective communication. Here, we applied the method used by Iwasaki et al. [3] for identifying the transmitter. In their method, the transmitter is identified getting the subtraction of two consecutive frames. In this paper, we mainly introduce a new edge-based method to track the identified transmitter in consecutive frames for certain moving distance of the vehicle. In this paper, we approached to track the trans- 
Ⅱ. Visible Light Communication
Visible light communication is one of wireless communication methods using light sources. It is able to transfer data by emitting light source, and able to receive them by light sensor. There are several advantages in this communication method. One is that visible light is not harmful to human body. And it is able to transmit with high power.
Other common wireless communication methods, such as radio waves and infra-red light are concerned to be dangerous to human body. Compared to radio waves and infra-red light, it has more advantages: there are no legal limitation for any existing light source, such as room illuminations and displays to be used. It can be used at the places where radio waves cannot be used, for example hospitals and areas around precision machines. However, using a camera as the receiver has some disadvantages. The camera should have high frame rate to achieve good communication speed. For this purpose, image processing in the receiver should be in real time and it might be harder on a computer when a high-speed camera is used. We plan to achieve this using hardware.
Another issue is the modulation method. Since this is a unique communication method using visible light and image, it requires particular modulation method which consid-ers the characteristics of the communication. We use hierarchical coding [10] for visible light communication, which modulates data on spatial frequency and enables long distance communication.
In the proposed system, the high-speed camera (Receiver) is installed on the vehicle. The transmitter (LED traffic light) is fixed on the road. In this paper, the LED traffic light which is used for experiment is specially prepared to be able to emit LEDs in 500Hz using a PC. It is not a normal traffic light. We developped image sensor to identify the LED traffic light and track it for consecutive frames by processing the images from high-speed camera, for certain moving distance of the vehicle. In the next two sections, the methods for identifying and tracking the transmitter using image processing are explained in details respectively.
Ⅲ. Identification of the Transmitter (Fig. 3) . In this paper, these non-emitting two exterior lines are kept to make it easy to track the transmitter by image processing. The proposal for tracking the transmitter is detailed in section Ⅳ.
Method for Identifying Transmitter
As mentioned in above section, the transmitter is emitted (ON and OFF) in 500Hz in the first half of the sequence. This stage is set to identify the transmitter by receiver with image processing. Here, while the vehicle is moving, the 5 shows the identified transmitter using this method. After identifying the transmitter, area of 125x125pixels including transmitter is cut out (Fig. 7(a) ). Then the transmitter is detected in consecutive frames by processing the corresponding cut out area only. If the transmitter stays out of this area, the processing restarts from finding step. Next section explains the proposal for transmitter tracking in details.
Ⅳ. Procedure for Achieving Consecutive Tracking of Identified Transmitter
After the transmitter has been identified, it is necessary to track it in consecutive frames for making efficient communication. Iwasaki et al. [3] used template matching for same kind of detection. But, template matching is highly time and memory consuming. In the case of tracking a stable object using a moving camera (on-vehicle highspeed camera), the matching images should be updated to achieve good tracking. In this paper, we approach to detect the identified transmitter introducing an edge based me-thod. Edge information is one of the key point in object detection. Charmichael et al. [9] used edge information in shape-based recognition of wiry objects. In our proposal, we use canny edge detector for detecting edges [11] . In this proposal, transmitter area is tracked in consecutive frames while the vehicle is moving for certain distance, after identifying it. Figure 6 shows the flow of tracking and each main steps are detailed in next sub sections.
Edge Detection
Canny edge detector is used for edge detection, since it has the ability to connect edges having different gradient values. And Canny edge detector can give exact edge points, since it decides edge points searching the direction of the edge points. In the canny edge detector, Gaussian filter smoothes the image, then the gradient and its direction for each pixel are calculated using Sobel filter.
Non-maximum suppression processing is conducted quantizing gradient direction, and finally edge points are gained using hysteresis threshold method. There are Two thresholds( Cthres1 and Cthres2, (Cthres1>Cthres2)) are applied (hysteres is threshold) to gradient to gain appropriate edge points. Here, the pixels having gradient value greater than Cthres1 are selected as edge points and the pixels having gradient value less than Cthres2 are not selected as edge points. In the case of the gradient value between Cthres1
and Cthres2: If these pixels are connected to edge points meaning that, they connect to pixels having (gradient> 
Selection of Transmitter Area Candidates
In this proposal, transmitter area candidates are selected regarding the circumscribing rectangle of edge component. Thus, the circumscribing rectangle of edge component corresponding to the transmitter should almost be square in shape. The gained circumscribing rectangles for Fig. 7(b) image are shown in Fig. 8(a) . The transmitter candidate selection results are shown in Fig. 8(b) . There is only one candidate for this image. The  is set for 2 pixels in the experiments. The transmitter likelihood conditions are defined using side length and middle point as below, considering just previous detections.
■ The side length difference of the transmitter between three consecutive frames does not decrease more than 1 pixel, and it does not increase more than 2 pixels in three consecutive frames.
■ The middle point movement of the transmitter does not exceed 5 pixels in three consecutive frames.
In the case of one candidate, if the candidate fulfills the above conditions, that candidate is selected as transmitter.
The candidate which is under above conditions is extracted if multiple candidates are appeared. In some cases, few candidates out of the candidates fulfill the above conditions, it was complicated to extract real transmitter. In these cases, likelihood probability of the transmitter is defined as arg max ( , ) P L M to extract the real transmitter.
( , ) P L M is defined as Equation (1), ( ) P L and ( ) P M mean likelihood probability of the transmitter regarding the side length and middle point respectively.
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In Equation (2) and (3) and    are defined as Equation (4), (5), and (6) . The values for   and   are set to 0.1 and 0.05 respectively, in the experiment.
The candidate having maximum value for  is selected as transmitter.
Dilation of Appointed Edge Image Area
In some cases, it is not possible to get the transmitter area as a candidate in selection of transmitter candidates step, because the corresponding edges for the transmitter did not appear as one component, but they appeared as several components.
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Detected transmitter in previous frame Dilation area (l-offset)pixels (Fig. 6 ). An example of transmitter tracking by dilating an appointed edge image area is shown in Fig. 11 . Here, the original image is processed for edge detection. In this case, the circumscribing rectangle belonging to the transmitter did not appear, because exterior edge component was split in to several components. The split edge components could be connected by dilation process and transmitter could be found by calculating the circumscribing rectangle of dilated edge component.
Ⅴ. Experimental Results and Discussion
Experimental Results
The experiments were conducted to confirm the effectiveness of proposed transmitter tracking method. We fixed a high-speed camera on a vehicle and images were cap- below Equation (7). In all experiments, there was not any error detection.
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According to total experimental results, the average detection rate with the proposal introduced in this paper was 96.55%, and the detection rate with template matching as conventional method [3] was 61.2%. These results showed that the proposal is very effective in tracking the desired transmitter (Traffic light) in consecutive frames compared to the conventional method.
Discussion
In this paper, a new traffic light (transmitter) tracking method was introduced for a road-to-vehicle visible light communication system with a traffic light as a transmitter and a high-speed on-vehicle camera as a receiver. This new method mainly tracks an emitting traffic light detecting the edges of traffic light image and calculating circumscribing rectangle of the edge component. Here, the canny edge detector was used for edge detection, and the necessary thresholds for this detector were decided experimentally. We observed that, this detector can create appropriate edges of 
